We analyzed data from 1233 Chinese patients of a wide age range who received patient-controlled analgesia (PCA) intravenous morphine for postoperative pain relief, during the period from January 1992 to May 1995. The analgesic regimen was standardized as follows: PCA bolus 1 to 1.5 mg; lock-out interval 5 minutes; one-hour maximum dose 0.075 to 0.1 mg.kg -1 and background infusion 0 or 0.5 mg.h -1 . Most patients underwent major surgery that was broadly subclassified according to the anatomical area involved. The median verbal numerical rating scales of pain (0 to 10) at rest and while coughing for the first, second and third 24 hours were 3.0/5.0, 1.5/4.0 and 0/3.0 respectively and the corresponding demand to delivery ratios were 2.8±2.9, 2.6±2.4 and 2.4±2.6. The overall morphine consumptions in 1004 of these Chinese patients were 27.5±16.8, 17.8±16.1 and 18.1±21.0 µg.kg -1 .h -1 during the first 16, 17 to 41 and 42 to 66 postoperative hours respectively. These figures were the same as for Caucasian patients managed in the same institution. Morphine consumption was significantly higher following thoracic, upper abdominal and spinal surgery. Also it was higher in patients younger than 65 years, males, cigarette smokers and those with ASA physical status I or II. The commonest side-effects were nausea (34.5%) and vomiting (18.2%). Bradypnoea and oxygen desaturation occurred in 0.5% and 1.6% respectively. All cases were promptly detected and managed with no adverse outcomes. Most patients were satisfied (76.7% ranked "good") with their postoperative analgesia. The commonest reasons for dissatisfaction were inadequate pain relief, nausea and reluctance to selfcontrol analgesic administration. It is concluded that PCA with intravenous morphine is effective and safe as a routine postoperative technique for Chinese surgical patients.
The original concept of PCA dates back to the late 1960s when it was used as a research tool for objective measurement of pain 1, 2 . The efficacy and inherent safety of this technique have been clearly demonstrated and its use has been popularized since the late eighties [3] [4] [5] [6] . Because of its simplicity, predictability and rapidity of onset, PCA intravenous (IV) opioid has become the commonest postoperative analgesic technique globally adopted in major surgical centres 3, [7] [8] [9] [10] . Most published series report on the use of PCA in Caucasians, so we conducted this retrospective study analysing our experience of using IV morphine PCA on 1233 Chinese patients during a 41-month period commencing 1 January 1992.
METHODS
Records from all Chinese patients who had received postoperative morphine PCA under the supervision of the Acute Pain Service (APS) of the Department of Anaesthesiology, Queen Mary Hospital, during the above period were audited and analysed. All patients undergoing intermediate to major surgical operations were eligible for PCA subject to availability of the pumps. Detailed instructions on the use of the PCA pump were explained to the patient during the attending anaesthesiologist's preoperative visit. The Graseby Model 3300 pump was used with morphine given directly through a dedicated IV line or a non-reflux valve connected to a running IV drip to prevent accidental overdose. Morphine sulphate was diluted in normal saline to a concentration of 1 mg.ml -1 . The initial administration of morphine commenced intraoperatively as a supplement to general anaesthesia. In the recovery room, morphine IV boluses were given until satisfactory analgesia was achieved. The PCA pump was then connected and programmed as follows: bolus 1.0 to 1.5 mg (depending on the patient's age and body weight); lock-out interval five minutes; maximum hourly dose limit 0.1 mg.kg -1 for young patients and 0.075 mg.kg -1 for patients over 65 years. A background IV morphine infusion of 0.1 to 0.5 mg.h -1 was also set in some cases. In addition, a "rescue" supplementary analgesic was prescribed in the form of intramuscular pethidine 0.5 mg.kg -1 up to four-hourly if required. Anaesthesiologists were consulted for reassessment when pain relief was not satisfactory. The PCA setting could be readjusted only by an anaesthesiologist.
All patients were monitored closely in the postoperative ward according to a standard nursing instruction sheet. Pain was assessed using the verbal zero-to-ten numerical rating scale (NRS) in which zero is defined as no pain and ten as the worst pain the patient could imagine 11 . NRSs were recorded both at rest and during movement (e.g. cough). Continuous pulse oximetry (SpO 2 ) and hourly respiratory rate were used for respiratory monitoring. Noninvasive blood pressure (NIBP) was measured fourhourly. Sedation was scored as follows: 0=awake and alert; 1=drowsy; 2=sleeping but rousable; 3=patient not rousable. Any other morphine side-effects were noted and patients were asked to rank their overall satisfaction with postoperative analgesia as either "good", "fair" or "unsatisfactory".
Respiratory depression was defined as bradypnoea (respiratory rate <10 minute -1 ) or oxygen desaturation (SpO 2 <90% for more than one minute). In the case of excessive somnolence (sedation score of 3) or respiratory depression, anaesthesiologists would be immediately informed and a 0.2 mg IV bolus of naloxone would be given every two minutes until resumption of consciousness and a normal respiratory rate. PCA was resumed later after stabilization at an appropriate dosage. Nausea or vomiting was treated with IV metoclopramide 10 mg fourhourly.
Detailed analysis on morphine consumption was made from 1004 selected patients from the same group of 1233 Chinese patients in the series. The other 229 patients were excluded from morphine consumption analysis because of concomitant administration of other analgesics like non-steroidal anti-inflammatory drug (ketorolac, ketoprofen or diclofenac), adjuvant regional blocks and opioid addiction.
Interval scale data were compared using Student's t test. Ordinal scale or categorical data were compared using Chi-square or Fisher's Exact Test. Kruskal Wallis test was used for NRS comparison. A P value of 0.05 or less was taken as statistically significant.
RESULTS
During the 41 months study period from 1 January 1992 to 31 May 1995, 1233 Chinese patients received PCA IV morphine and their demographic data are shown in Table 1 . The types of operation, based on anatomical sites are listed in Table 2 . The mean duration of PCA was 3.2±1.5 days (range 1 to 11). Overall quality of pain relief was calculated and subdivided according to the anatomical site of surgery with the results displayed in Table 3 . The overall NRS at rest as well as during cough were significantly higher during the first 24 hours than second and third 24 hours (P<0.05). The mean PCA morphine demand to delivery ratios were 2.8±2.9 in the first 24 hours, SURVEY Table 4 . It was significantly higher in patients younger than 65 years, of male gender, cigarette smokers and those of ASA physical status I or II. Patients with thoracic or upper abdominal incisions consumed the most morphine initially although those who had spinal operations also had a high consumption, especially those who still required PCA on the third day postoperatively ( Table 5 ). Since some patients on days 2 and 3 did not require PCA, data from these periods were obviously collected in a "selected" group of patients who needed PCA for a longer period of time. The lowest dropout rates were in the thoracic (54% still on PCA on day 3), spinal (35%) and upper abdominal (31%) groups respectively.
Comparison of PCA IV morphine consumption was made between Chinese patients (n=1004) with Caucasian patients (n=67) under the care of APS during the same study period. There was no difference in the overall morphine consumption in the main groups or subgroups ( Table 6 ).
The commonest associated side-effects were nausea (34.5%), vomiting (18.2%) and dizziness (17.6%). Respiratory depression occurred in 30 (1.4%) patients, including six with bradypnoea (0.5%) and 20 (1.6%) with oxygen desaturation to less than 90% for longer than one minute. PCA was transiently withheld in these patients and 660 Anaesthesia and Intensive Care, Vol. 24, No. 6, December 1996 S. L. TSUI, W. N. TONG ET AL The patients' own ranking of overall satisfaction with their postoperative analgesia were: "good" in 76.7%, "fair" in 16.1% and "unsatisfactory" in 1.38%. Of all patients, 5.8% did not comment either because of senility, communication problems or a deterioration in their postoperative condition due to surgical or medical complications. The underlying reasons for ranking "fair" or "unsatisfactory" on postoperative analgesia in 216 patients were further analysed. The commonest reason was inadequate analgesia (70.8%), in which 120 patients requested supplementary IM pethidine due to inadequate pain relief with PCA alone. This was followed by opioid side-effects, especially nausea, vomiting or dizziness (43.5%) which often discouraged patients from making PCA requests despite inadequate pain relief. Ten patients (4.6%) complained of the inconvenience of being connected to the bulky PCA pump and that mobilization was difficult. A further ten (4.6%) said they would have preferred to have their analgesic administration totally controlled by medical or nursing staff. Other common complaints were mainly technical and included IV line blockage and frequent alarms from the pump. Artefactual alarms from the pulse oximeter were also a source of annoyance.
DISCUSSION
PCA provides a mechanism to titrate drug administration according to the current analgesic requirement of the patient, allows the patient to exert control of his or her own pain management and may alleviate some of the psychological stress which aggravates pain perception. Although PCA is now universally accepted for these reasons, it is still important to audit and analyse its use, particularly in new patient populations, in order that the technique may be further refined and improved 12 .
In our series, the applicability of PCA morphine in SURVEY Chinese patients was demonstrated in a wide range of ages (6 to 89 years). A relatively large percentage of patients in the series belonged to high perioperative risk groups (ASA physical status III and IV) undergoing major surgical procedures. These patients have a higher risk of postoperative pulmonary or cardiac complications that will be aggravated by pain 13 and they were therefore given priority in using the PCA machines available in our hospital. The PCA settings we used were based on our preliminary trials in 1990 and 1991 and published reports. A PCA bolus of 1 to 2 mg is regarded as an appropriate dose by many centres 14, 15 . The lockout interval of five minutes was chosen, based on the balance between safety and efficacy. Most patients (847, 68.9%) received a small background infusion of up to 0.5 mg.h -1 . This did not provide better analgesia nor cause more side-effects than in patients without background infusion. Also, total morphine consumption was not higher in these patients. There have been controversies over the use of background infusions with PCA 14, 16 , but it is likely that the dose we used was so small that it would not be expected to have made a clinical difference in our series although it may help to reduce IV line blockage.
Most patients had satisfactory pain relief at rest as shown by the NRS readings. Although pain relief is less satisfactory during cough or movement, patients can self-administer analgesic to cope with the increased demand under such circumstances. In fact all patients were instructed to press the PCA request button when movement was anticipated (e.g. before physiotherapy). As would be expected, postoperative pain was most severe during the first 24 hours as shown by the NRS reading, higher morphine consumption and higher demand-to-delivery ratios. The latter ratio was higher than other published series where figures of 1.19 to 1.95 have been quoted 17 with similar analgesia and overall morphine consumption. This can be caused by an inadequate patient understanding in properly using the PCA device, inadequate loading of bolus dose and the use of an hourly dose limitation. The only difference in our series is the use of an hourly dose limitation which, while theoretically safer, removes some of the patient-controlled aspect of drug delivery and will lead to unfulfilled demands when the hourly dose limit is reached. It is interesting that higher demandto-delivery ratios were not associated with higher pain scores, and it has previously been shown that many patients appear to derive their pain relief as much by making a demand as by receiving a dose 18 . However, it is still psychologically important that the patients should not be frustrated in their attempts to obtain pain relief, particularly in the early postoperative period. Our results still leave us with some reservations about not using dose limitation as, despite preoperative education, we still encountered problems of patients misunderstanding PCA use, especially during the first 24 hours; e.g. some misused the PCA demand button as a call button for nursing staff.
Like all methods of opioid administration, respiratory depression can occur with PCA 19 and hypoxaemia has been documented 20 . However, hypoxaemia occurs more frequently with IM than PCA opioid delivery 20 , especially after upper abdominal surgery 21 . The incidence of respiratory depression was 1.4% in our series. This relatively high incidence could be due to the high percentage of less physically fit patients of advanced age undergoing major surgery. Also, unlike that in other series, our definition of respiratory depression included oxygen desaturation on continuous pulse oximetry monitoring in addition to hourly respiratory rate counting. As a standing protocol for the management of respiratory depression was available, all patients were promptly managed and none of them suffered any harm. In addition, human error contributed to opioid overdosage. The commonest was duplication of opioid prescription by surgeons who prescribed IM pethidine as they routinely did to other patients not under care of the APS. This resulted in opioid overdosage causing patient somnolence and respiratory depression and we anticipate that better communication between surgical, anaesthetic and nursing teams can avoid this error in future. Technical reasons, including pump failures, errors in PCA setting or siphoning of opioid solution may also contribute to accidental overdose 22 , but we had no such problems in our series.
Although most patients (76.7%) were satisfied with the use of PCA, it is important to consider those who were not. The commonest reason for dissatisfaction was inadequate pain relief. In many situations a regional analgesic technique will provide better quality pain relief than systemic analgesia and should probably be preferred for upper abdominal and thoracic surgical procedures. However, PCA IV morphine is technically simpler and less invasive than inserting an epidural catheter and can be more easily managed in the general ward. The commonest associated discomfort and another reason for dissatisfaction was postoperative nausea and vomiting (PONV). The aetiology of PONV is multifactorial 23 and opioids undoubtedly play an important role.
Although PCA is not associated with any more PONV than intermittent IM opioid administration 19 , it can be as distressing to the patient as pain, as shown by some patients in our series who preferred to tolerate moderate pain than request PCA boluses in order to minimize this side-effect. The situation improved when routine prescription of IV metoclopramide on the patient's request was incorporated into the APS nursing instruction sheet, and it is likely that further improvements can be made with the introduction of 5 HT-3 antagonist drugs.
Ten patients expressed a reluctance to control their own drug administration. Although, ideally, treatment of diseases should involve active patient participation, there are bound to be some patients who adopt a passive attitude and prefer medical personnel to totally control their treatment, including postoperative pain management. Attempts should be made to determine this attitude at the preoperative visit as the concept of PCA may not be applicable in this group of individuals and other more appropriate postoperative analgesic techniques can be selected for them.
The overall morphine consumption varied widely in common with other studies [24] [25] [26] . It has been demonstrated 27 that the minimal effective analgesic concentration (MEAC) for morphine ranges from 6 to 33 ng.ml -1 . Actual opioid consumption varies to an even greater extent since age and organ function will also cause pharmacokinetic and pharmacodynamic differences, e.g. lower consumption in the elderly and ASA III and IV patients. Morphine consumption was higher in male patients in contrast to other studies on PCA 27, 28 . Since it was expressed in µg per unit body weight, a relatively higher percentage of body fat in female patients may account for this, or perhaps women are more stoical.
Morphine consumption decreased with time both overall and in individual subgroups as listed in Table  4 . This is due to a decrease in MEAC as the pain intensity gradually declines with time after injury 15 . It was higher during the first two days in smokers when compared with those who did not smoke, even allowing for differences in types of surgery performed. This is interesting and may be caused by their being more likely to cough postoperatively, thereby causing more discomfort, or perhaps may be related to acute nicotine withdrawal which could increase anxiety and perhaps heighten pain perception. There was no difference between moderate alcohol drinkers and non-drinkers.
Overall, probably the most important determinant of morphine consumption is the surgical procedure.
It has been demonstrated that thoracotomy and laparotomy 26, 29, 30 are associated with the greatest postoperative pain and request for opioids, and it is logical that major operations with extensive tissue injury will cause more pain. Morphine consumption between different operation groups are compared in Table 4 . Thoracotomy and upper laparotomy groups in our series consumed the highest amount of morphine. The former group consisted mostly of oesophageal surgery and the latter mainly hepatobiliary, gastric or aortic procedures.Thoracotomy and laparotomy incisions are particularly painful because these wounds are subject to movement during respiration. The pain can be particularly severe during cough or chest physiotherapy and this is substantiated by higher NRS readings. On the other hand, the lower laparotomy group in our series consisted mostly of colorectal and gynaecological operations. This group consumed less morphine than most other groups apart from trunk or limb procedures. Also, unlike upper laparotomy or thoracotomy groups the morphine consumption declined from day 2 onwards, probably reflecting the lesser prominence of breathing and coughing on overall pain following such procedures. It is interesting that mean morphine consumption for spinal operations (laminectomy, spinal fusion) was similar to the upper laparotomy and thoracotomy groups. The extensive nature of surgical dissection and associated muscle spasm surrounding injured tissues may account for this and we feel that particular attention should be directed towards pain management in this high risk group.
There was no statistical difference in morphine consumption between Chinese and Caucasian patients. Although the latter group was relatively small, the consumption is also similar to that in published series of Caucasians 3, 31 . This is in contrast to the observations of Houghton and colleagues on postoperative pethidine requirements in Chinese 32 and a traditional impression that Chinese patients require less opioid. However, those observations were based on intermittent on-demand pethidine IM injection where the decision to administer analgesia was subject to the patient's expression of pain and the interpretation of attending nurses. PCA allows a patient to titrate analgesic administration independent of pain expression and other individuals' interpretation, and provides a better reflection of actual analgesic requirements. It appears, therefore, that Chinese patients are no different from Caucasians in this respect and PCA IV morphine administration using these protocols is a relatively safe and efficacious technique in this population.
